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LECTURE 6 HOMEWORK: 
QUESTIONS AND SOLUTIONS



EXERCISE 5.22

Newbold et al (2013)



EXERCISE 5.22 A):  SOLUTION

 Answer:

X ~ Normal(380, 502) 

Solution: 

P(Z < 0.4) = Φ 0.4 = 0.6554

Standard Normal Table



EXERCISE 5.22 B):  SOLUTION

 Answer:
X ~ Normal(380, 502) 

Solution: 

P(X > 360) = P(Z > -0.4) = 1-P(Z < -0.4) = 1- Φ −0.4  = 

1-[1- Φ (0.4)] = Φ 0.4  = 0.6554

Standard Normal Table



EXERCISE 5.22 C):  SOLUTION

 Answer:

360 400

X ~ Normal(380, 502) 

380 Suppose the area between 360 and the mean of X is 

the same as the area between the mean of X and 

400.



EXERCISE 5.22 D):  SOLUTION

 Answer:

X ~ Normal(380, 502) 

Solution: 

P( 300 ≤ X ≤ 400) = P( -1.6 ≤ Z ≤ 0.4) = Φ 0.4  - Φ −1.6  = 

Φ 0.4  - [1- Φ (1.6)] = 0.6554 – [1-0.9452] = 0.6554 – 0.0548 

= 0.6006

Standard Normal Table



EXERCISE 5.22 E):  SOLUTION

 Answer:
X ~ Normal(380, 502) 

Solution: 

P(a ≤ X ≤ b ) = 0.8  P
a −380

50
≤

X −380

50
≤

b −380

50
 = 0.8 

P
a −380

50
≤Z≤

b −380

50
 = 0.8  Φ

b−380

50
 - Φ

a−380

50
 = 0.8

Then, 

b−380

50
 = Φ -1(0.9) = z0.9 = 1.28  b = 50 × 1.28 + 380 = 444

a−380

50
 = Φ -1(0.1) = -z0.9 = -1.28  b = 50 × (-1.28) + 380 = 316

Standard Normal Table

Φ⁻¹(0.9) = z0.9 is the quantile 

of the standard normal 

distribution corresponding to a 

probability of 0.9 (area on the 

left). 

(a-380)/50 = z0.1 (b-380)/50 = z0.9 0

0.8
0.10.1

f(z)



EXERCISE 5.27

Newbold et al (2013)



EXERCISE 5.27 A):  SOLUTION

 Answer:

X ~ Normal(500000, 500002) 



EXERCISE 5.27 B):  SOLUTION

 Answer:

X ~ Normal(500000, 500002) 

Solution: 

P(X < x ) = 0.2  P
X −500000

50000
<

x −500000

50000
 = 0.2 

P Z≤
x −5000000

50000
 = 0.2  Φ

x−500000

50000
 = 0.2  

x−500000

50000
 = Φ -1(0.2) = -z0.8 = -0.841621 

x = 500000 + (-0.841621)× 50000 = 457.919



EXERCISE 5.27 C):  SOLUTION

 Answer: X ~ Normal(500000, 500002) 

Solution: 

P(a ≤ X ≤ b ) = 0.95   Φ
b−500000

50000
 - Φ

a−500000

50000
 = 0.95

Then, 

b−500000

50000
 = Φ -1(0.975) = z0.975 = 1.96  b = 50000 × 1.96 + 50000 = 598000

a−500000

50000
 = Φ -1(0.025) = -z0.975= -1.28  b = 50000 × (-1.96) + 500000 = 402000



EXERCISE 5.47

Newbold et al (2013)



EXERCISE 5.47 A):  SOLUTION

 Answer:

When the normal distribution is used 

to approximate a binomial distribution, 

a continuity correction of 0.5 can 

be applied to improve accuracy — 

although in some cases it may be 

omitted.

Solution (no continuity correction):

P(X < 100) = P(X ≤ 99) ~ P(Z ≤ -1.4697) = Φ −1.4697  

= 1- Φ (1.4697) ~ 1 - 0.9292 = 0.0708



EXERCISE 5.47 B):  SOLUTION

 Answer:

Solution (no continuity correction):

P(120 ≤ X ≤ 150) ~ P(0.8165 ≤ Z ≤ 4.0825) = 

Φ 4.0825  - Φ (0.8165) ~1 - 0.7939 = 0.2061



LECTURE 7: EXPONENTIAL 
DISTRIBUTION



APPLICATIONS OF THE 
EXPONENTIAL DISTRIBUTION

Newbold et al (2013)



PDF OF THE EXPONENTIAL 
DISTRIBUTION 

Newbold et al (2013)

The random variable 𝑋 follows a 

Exponential distribution with 

parameter λ > 0: X ~ Exponential(λ).

Probability Density 

Function (PDF) of a 

Exponential 

Distribution

• Right-skewed distribution

•  E(X) = 1/λ

•  Var(X) = 1/λ2

• Possible values: [0, +∞[



CDF OF THE EXPONENTIAL 
DISTRIBUTION 

Newbold et al (2013)

F(t) = P(T ≤ t) = 1-e-λt
Cumulative 

Distribution Function 

(CDF) of a Exponential 

Distribution

X ~ Exponential(λ)



PDF AND CDF FOR 
EXPONENTIAL DISTRIBUTION

Graphical representation of the probability density function 

(PDF) and the cumulative distribution function (CDF) of a 

random variable with an Exponential distribution for 

various values of the parameter λ.



EXPONENTIAL DISTRIBUTION 
EXAMPLE

Newbold et al (2013)

X ~ Exponential(15)

In the Exponential distribution, λ is the rate parameter, 

representing the mean number of events per unit of time, 

while 1/λ is the mean time between events.

P(X < 0.05) = FX(0.05)
Exponential CDF

F(t) = P(T ≤ t) = 1-e-λt



EXERCISE 5.55

Newbold et al (2013)



EXERCISE 5.55 A):  SOLUTION

 Answer:

Exponential CDF

X ~ Exponential(0.1)

F(t) = P(T ≤ t) = 1-e-λt



EXERCISE 5.55 B):  SOLUTION

 Answer:

Exponential CDF

X ~ Exponential(0.1)

F(t) = P(T ≤ t) = 1-e-λt



EXERCISE 5.55 C):  SOLUTION

 Answer:

Exponential CDF

X ~ Exponential(0.1)

F(t) = P(T ≤ t) = 1-e-λt



MEMORYLESS PROPERTY OF THE 
EXPONENTIAL DISTRIBUTION

X ~ Exponential(0.1)

Exponential CDF

F(t) = P(T ≤ t) = 1-e-λt



RELATIONSHIP BETWEEN THE EXPONENTIAL 
AND POISSON DISTRIBUTIONS



EXERCISE ON THE POISSON AND 
EXPONENTIAL DISTRIBUTIONS



EXERCISE ON THE POISSON AND 
EXPONENTIAL DISTRIBUTIONS:  SOLUTION

 Answer:

• Call center: average 5 calls per 

hour, λ = 5

• Interval: 30 minutes = 0.5 hours

P(Y = 0)



LECTURE 7: CHI-SQUARE 
DISTRIBUTION



CHI-SQUARE DISTRIBUTION

Newbold et al (2013)

Q ~ 𝝌𝟐
(n-1) 

Q



RELATIONSHIP BETWEEN NORMAL 
AND CHI-SQUARE DISTRIBUTIONS

Q ~ 𝝌𝟐
(n) 



DERIVATION OF THE CHI-
SQUARE DISTRIBUTION

Q ~ 𝝌𝟐
(n-1) 



WHY Q HAS 𝒏 − 𝟏DEGREES OF 
FREEDOM (DF), NOT 𝒏

Q ~ 𝝌𝟐
(n-1) 



WHY Q HAS 𝒏 − 𝟏DEGREES OF 
FREEDOM (DF), NOT 𝒏: EXAMPLE

Newbold et al (2013)



MEAN AND VARIANCE OF THE 
CHI-SQUARE DISTRIBUTION

Q ~ 𝝌𝟐
(n) 



CHI-SQUARE DISTRIBUTIONS WITH 
DIFFERENT DEGREES OF FREEDOM

Newbold et al (2013)

Q ~ 𝝌𝟐
(1) 

Q ~ 𝝌𝟐
(5) 

Q ~ 𝝌𝟐
(15) 

The chi-square distribution 

becomes more symmetric as the 

degrees of freedom increase.



CHI-SQUARE EXAMPLE

Newbold et al (2013)



EXAMPLE: FINDING A CRITICAL 
VALUE/QUANTILE FOR THE SAMPLE 
VARIANCE

Q ~ 𝝌𝟐
(13) 

Solution: 

k?: P(S2 > k) =0.05 = P
(n−1)S2

σ2  >
(n−1)k

σ2  = 0.05  1- P Q ≤
(14−1)k

16
 = 0.05 

 F
(14−1)k

16
 = 0.95 

(14−1)k
16

 = F-1(0.95)  k = F-1(0.95) × 16 /13  

 k = 22.362 × 16 /13 = 27.522

F-1(0.95) = χ²(0.95, 13) is the quantile of probability 0.95 of 

the chi-square distribution with 13 degrees of freedom. 

The method to find this quantile using the chi-square table is 

explained on the next slide.

n = 14 (sample size)

σ2 = 16 (population 

variance)

That means 𝑃 𝑆2 > 27.522 = 0.05, so

choosing this 𝑘 ensures the probability is

≤ 0.05 (strictly speaking equal to 0.05; any

slightly larger 𝑘 gives < 0.05).



EXAMPLE: FINDING A CRITICAL 
VALUE/QUANTILE FOR THE SAMPLE 
VARIANCE

Q ~ 𝝌𝟐
(13) 

Solution: 

k?: P(S2 > k) =0.05 = P
(n−1)S2

σ2  >
(n−1)k

σ2  = 0.05  1- P Q ≤
(14−1)k

16
 = 0.05 

 F
(14−1)k

16
 = 0.95 

(14−1)k
16

 = F-1(0.95)  k = F-1(0.95) × 16 /13  

 k = 22.362 × 16 /13 = 27.522

F-1(0.95) = χ²(0.95, 13) is the quantile of probability 0.95 of 

the chi-square distribution with 13 degrees of freedom. 

The method to find this quantile using the chi-square table is 

explained on the next slide.

n = 14 (sample size)

σ2 = 16 (population 

variance)



FINDING A CHI-SQUARE QUANTILE: 
EXAMPLE

Newbold et al (2013)

Q ~ 𝝌𝟐
(13) 

χ²(0.95, 13) 

χ²(0.95, 13) 

1-α = 0,95

Because the chi-square quantile χ²(0.95, 13) is associated with a probability of 

0.95, the area behind (to the left) of this point is 1 – α = 0.95, while the 

area ahead (to the right) is α = 0.05.



EXERCISE ON THE CHI-SQUARE 
DISTRIBUTION



EXERCISE ON THE CHI-SQUARE 
DISTRIBUTION: SOLUTION

 Answer:

These values cannot 

be obtained using the 

table presented.



LECTURE 7: STUDENT’S T 
DISTRIBUTION



STUDENT’S T DISTRIBUTION

Newbold et al (2013)

T ~ t(n-1) T



RELATIONSHIP OF THE STUDENT’S T 
DISTRIBUTION WITH NORMAL AND 
CHI-SQUARE

T ~ t(n) 



DERIVATION OF THE 
STUDENT’S T DISTRIBUTION

T ~ t(n-1) 



MEAN AND VARIANCE OF THE 
STUDENT’S T DISTRIBUTION

T ~ t(n) 



STUDENT’S T DISTRIBUTION

Newbold et al (2013)

T

T



STUDENT’S T DISTRIBUTIONS WITH 
DIFFERENT DEGREES OF FREEDOM

Newbold et al (2013)

T



FINDING A T-STUDENT QUANTILE: 
EXAMPLE

Interpretation:

The value t(2, 0.95) = 2.920 means that 95% of the area under 

the t-distribution curve with 2 degrees of freedom lies to the 

left of 2.920, and the right tail area is 𝛼 = 0.05.

Note on Notation:

There are two common ways to express 

t-student quantiles: 𝑡(2,0.95) = 𝑡0.95,2



STUDENT’S T TABLE

Newbold et al (2013)



T DISTRIBUTION VALUES

Newbold et al (2013)

T



EXERCISE ON THE STUDENT’S T 
DISTRIBUTION



EXERCISE ON THE STUDENT’S T 
DISTRIBUTION: SOLUTION

 Answer:

These values cannot 

be obtained using the 

table presented.



LECTURE 7: F-SNEDECOR 
DISTRIBUTION



F-SNEDECOR DISTRIBUTION

F ~ 𝑭(n, m) 



F-SNEDECOR DISTRIBUTIONS WITH 
DIFFERENT DEGREES OF FREEDOM

Distribuição Qui-quadrado, Distribuição t-Student e Distribuição F-Snedecor - Distribuições - Studocu

https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908
https://www.studocu.com/pt/document/universidade-do-minho/economia/distribuicao-qui-quadrado-distribuicao-t-student-e-distribuicao-f-snedecor/20409908


MEAN AND VARIANCE OF THE 
F-DISTRIBUTION

F ~ 𝑭(n, m) 



MEAN AND VARIANCE OF A F-
SNEDECOR DISTRIBUTION: EXAMPLE



RELATIONSHIP BETWEEN F, CHI-
SQUARE, AND STUDENT’S T 
DISTRIBUTIONS



FINDING A F-SENEDCOR QUANTILE: 
EXAMPLE

Interpretation

Left area: 0.95 (area under the curve to the left of 3.48)

Right tail: α = 0.05 (area to the right of 3.48)



EXERCISE ON THE F-SNEDECOR 
DISTRIBUTION



EXERCISE ON THE F-SNEDECOR 
DISTRIBUTION: SOLUTION

 Answer:
DF of the Numerator

This value cannot be 

obtained using the 

table presented.

3.18



HOMEWORK OF LECTURE 7: 
QUESTIONS



EXERCISE 5.58

Newbold et al (2013)



EXERCISE 5.60

Newbold et al (2013)



THANKS!
Questions?
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